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Abstract

Introduction. The large-scale and prolonged pandemic of the novel coronavirus disease (COVID-19) has
demonstrated the need for effective vaccination. Along with immunogenicity, safety is a critical issue for vaccines,
as public trust can contribute to the success or failure of immunization programs. In preclinical studies, we assessed
the safety of an intranasal Virus-like particle (VLP)-based vaccine in mice and rats.

The aim of the study is to conduct preclinical acute and subchronic toxicity studies assessing local tolerability of
an intranasal VLP vaccine against COVID-19 in accordance with good laboratory practice.

Materials and methods. Study was performed on adult outbreed mice (30 males, 30 females) and rats (45 males,
45 females). Physiological, morphometric and histological parameters, as well as general and biochemical blood
tests and urine analysis were assessed.

Results. No deaths or intoxication were recorded in the acute toxicity study on mice, all parameters were within the
physiological norm. In the subchronic toxicity study on rats, no changes in the general condition, behavior, or death
of animals were noted. The structure of internal organs, blood and urine tests, hemostasis did not differ significantly
between the groups. No local irritant effect was detected at the injection site during visual assessment, cytological
and histological analysis.

Conclusion. The VLP vaccine is safe, as evidenced by the results of preclinical studies, does not negatively affect
the function of various organs, the level of cellular and biochemical biomarkers in the blood and urine of mice and
rats. Visual assessment, cytology and histology of the vaccine injection site did not reveal any local irritant effect.
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BaKUMHbI HA OCHOBE BMPYCONoAo00HbIX YacTul,
ansa npodunaktuku COVID-19

YepHopbik A.H0." | KoHapaTtbeea B.M.!, Mankosa A.l.2, CaBouknHa T.E.', Ennceesa O.B.",
Natbiwes O.E.", AkyHnun [.10.", 3ankosa O.H.!, CnygHsakosa E.C.", pebeHHnkoBa T.B."

'OIBY «HauuoHanbHbIN ccneaoBaTenbCKUii LEHTP aNMAEMMUONOrMN U MUKpobuonorun um. H.®. Famanen» MuHagpasa
Poccun, 123098, r. Mockea, Poccus;

2NHcTuTyT Mmeanko-AHO «MHCTUTYT Meamko-6ronornyeckmx nccnegoBanuii u TexHonoruiny (AHO «MMBUNT»), 143090,
r. KpacHo3HameHck, MockoBckas obn., Poccusi

Pestome

BBepgeHue. MaclwtabHaa 1 npogomkutensHas naHgemmnsi HOBOM kopoHasmpycHon nHdekuun (COVID-19) noka-
3ana HeobxoaMMOoCTb ahdekTnBHONM BakUMHaumn. Hapsagy ¢ MMMYHOreHHOCTbI0, 6e30MacHOCTL ABMAETCA KPpUTK-
YeCKkn BaXKHbIM BOMPOCOM AN BaKLUMH, MOCKOMNbKY obLlecTBeHHOe JoBepue MOXET CNocoBCTBOBATL yCrnexy unm
nposany nporpamMmm MMMyHu3aumu. B pamkax JOKNMHUYECKNX NCCneaoBaHUi Mbl OLeHUNM 6e30MacHOCTb BakLm-
Hbl Ha ocHoBe BMpyconoaobHbIx Yactuy, (Virus-like particles, VLP) Ha Mblwax u kpbicax.

Llenb — OLEHNTb TOKCUYHOCTL (OCTPYIO N CYBXPOHUYECKYHO) M MECTHYIO MePEeHOCUMOCTb YeTbipEXBaNEeHTHOW Bak-
umHbl npotue COVID-19 Ha ocHoBe VLP gna uHTpaHasanbHOro BBeAEHUS B COOTBETCTBUM C NpaBunamun Haane-
Xallen nabopaTopHOM NPaKTUKW.

MaTepuanbi u MeToabl. MaTepranom Ans nccrneqoBaHus SBASNUCH Nonoso3pensie aytopeaHsie mblwm (30 cam-
uos 1 30 camok), nonosospernble ayTopeaHble Kpbichl (45 camuos 1 45 camok). MpoBoaMnM OLEHKY crnegyoLmx
nokasarenein: u3nonornyecknx, MopdoMeTPUYECKUX K TMCTONOrMYECKMX; 0BLLMIA 1 BUOXMMUYECKNIA aHaNN3 Kpo-
BY U KITMHUYECKUI aHanm3 Mo4u.

PesynbTtatbl. He 6b110 3apernctpupoBaHo HU rMbenu, H1 KINMHUYECKOW KapTUHbI MHTOKCUKaLMK Npy uccnegosa-
HUWM Ha MbIax OCTPOW TOKCUYHOCTW, BCE MokasaTenu 6binv B npedenax duanonornyeckor Hopmol. Mpu nccne-
[OBaHUM Ha KpbiCaxX CyGXPOHMYECKON TOKCUYHOCTM HEe OTMEeYanochb N3MeHeHWIn B 0bLLEM COCTOSHUW, NOBEAEHNH,
He 6bIno rmbenu XmMBoTHbIX. CTPYKTypa BHYTPEHHMX OPraHoB, Nnokasartenu KINMHUYECKUX U BUOXMMUYECKMX aHanm-
30B KPOBW, reMocTasa U aHanm3a Mo4v AOCTOBEPHO HE pasnuyanvcb Mexay rpynnamMmu u He BbIXOAUNY 3a npeae-
Nbl HOpMbI. [py BU3yanbHONM OLEHKE, LUTONOMMYECKOM U TMCTOSNIOMMYECKOM aHanu3e MecTa BBeAEeHNS BaKUMHbI He
ObINO BbISBNEHO MECTHO-pasapaXkaloLLero AeNCTBUS.

3akntoyeHue. YetbipexBaneHTHas VLP-BakumHa ans npodunaktukn COVID-19 6e3onacHa, 0 YeM CBUAETENb-
CTBYIOT MOMNyYeHHble pesynstaTbl AOKIMHUYECKUX WCCREefoBaHWNM, UHTpaHasanbHOe BBEAeHWE He oKasblBaeT
HeraTMBHOIO BIMSHUSA Ha (OYHKLMIO Pa3fnnYHbIX OPraHoB, YPOBEHb KMETOYHbIX U BUOXMMMYECcKnx BMomMapKkepoB B
KPOBMW 1 MOYe MbIlen 1 Kpbic. B MecTe BBeaeHUst He 6bINo BbISBNIEHO MECTHO-pasapaxarowero 4encTeusa npu
BU3yarnbHOW OLIEHKE, LIMTONOrM4EeCKOM W TMCTONOMMYeCKOM aHanuse.

KnioueBble cnoBa: SARS-CoV-2; COVID-19; supyconodobHbie Yacmuubl; UHmMpaHa3asbHas 8akyuHa, besonac-
HOCMb; MOKCUYHOCMb

Ona uutnpoBaHusa: YepHopbbk A.FO., KongpatbeBa B.M., Mankosa A.lN., CasoykuHa T.E., Enuceesa O.B.,
Jlatbiwes O.E., AxynuH O.1O., 3ankosa O.H., CnygHsikosa E.C., pebeHHukosa T.B. [oknuHuyeckne nccnenoBaHus
6e30MacHOCTM MHTpaHa3anbHOM BaKUMHbI HA OCHOBE BUPYCONOAOOHbLIX YacTuy ans npodunaktukn COVID-19. Bo-
nipocski supyconoauu. 2025; 70(1): 35—46. DOI: https://doi.org/10.36233/0507-4088-278 EDN: https://elibrary.ru/fzgyxe

®duHaHcupoBaHue. PaboTa BbINONHEHa B pamMKax rocyfapcTBeHHON TeMaTuku MuHaapasa Poccum «Pa3paboTtka npoTo-
Tuna BakumHbl Ha ocHoBe VLP ans npodunaktukm COVID-19» (pervcTpaumoHHbin Homep 121032600024-1).
KoHdnukT nHTEepecoB. ABTOpbI AEKNapUpyIOT OTCYTCTBME SIBHBIX M MOTEHUManbHbIX KOHMIUKTOB MHTEPeCcoB, CBA3aH-
HbIX C NyGruKaumen HacTosLweln cTaTby.

OTuyeckoe yTBepxaeHue. ABTOpbI NOATBEPXAAIOT COOMIOAEHNE HCTUTYLIMOHANMBHBLIX U HALMOHAaNbHbIX CTaHAAPTOB
MO UCMOMb30BaHMIo NabopaTopHbIX XUBOTHbIX B COOTBETCTBMM ¢ Consensus author guidelines for animal use (IAVES
23.07.2010). Mpotokon uccnenoBaHus ogobpeH Gnoatnyeckon komuccuein AHO «MMBUNT» (MpoTokon Ne 4/2022

ot 16.05.2022).

Introduction of the COVID-19 pandemic, coronavirus infection can

The pandemic of a new coronavirus infection  still pose a threat. This is due to the constant emergence
(COVID-19) has necessitated the World Health Orga-  of new variants of the SARS-CoV-2 virus, which arise
nization (WHO) to declare a public health emergency, from the accumulation of mutations in the natural repli-
which has not been lifted for more than three years. De-  cation process of the virus. SARS-CoV-2 virus is charac-
spite the success of global measures to control the spread  terized by evolution at an approximate rate of 0.0011 sub-
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stitutions per site per year, which corresponds to almost
one substitution approximately every 11 days. At the end
of 2020, WHO proposed a classification of new SARS-
CoV-2 strains: 1) variants of interest (VOIs) — strains in
which mutations resulted in a potential increase in disease
severity due to reduced susceptibility to treatment and re-
duced neutralization by antibodies and/or transmissibility
due to changes in virus binding to receptors; 2) variants
of concern (VOCs) — strains with high transmissibility,
higher disease severity and poor response to treatment
and vaccines due to lack of neutralization by antibodies
produced [1]. Studies aimed at finding an effective spe-
cific treatment for coronavirus infection have not yielded
results; antiviral drugs targeting a wide range of virus-
es, including coronaviruses, and immunomodulators are
used in treatment. Therefore, vaccination is currently the
only means of prevention of the spread of coronavirus
infection.

The urgent necessity for vaccination to combat the
COVID-19 pandemic has led to a variety of COVID-19
vaccine platforms in wuse, including whole-virus
inactivated vaccines, protein subunit vaccines, vector
vaccines, DNA and/or mRNA-based vaccines, each with
its own advantages. The main disadvantage is that most
vaccines are based on generating immunity only to the
surface spike S glycoprotein of SARS-CoV-2. Persistent
and rapid mutations can lead to loss of epitopes in the
S-protein in new strains and hence a predicted decrease in
neutralization by vaccine-induced antibodies. Therefore,
approaches to vaccine development and optimization
must necessarily be based on predicting the impact of
new VOCs to ensure that human immune responses are
not evaded or suppressed by a constantly evolving virus.

VLP-based vaccine technology is a modern and prom-
ising approach to the development of immunogenic,
effective and safe vaccines. VLPs are self-assembled
structural viral proteins that do not contain the viral ge-
nome. VLP vaccines have a significant advantage over
subunit vaccines, they present protein epitopes as native
virus, allowing for a significantly enhanced immune re-
sponse. Seven VLP-based vaccines against COVID-19
are undergoing clinical trials: LYB0O1 (Yantai Patronus
Biotech Co Ltd), Covifenz (Medicago), NVX-CoV2373
(Novavax), VBI-2902a (VBI Vaccines Inc. ), ABNCoV2
(Radboud University), RBD SARS-CoV-2 HBsAg VLP
vaccine (Serum Institute of India + Accelagen Pty + Spy-
Biotech), SARS-CoV-2 VLP Vaccine (The Scientific and
Technological Research Council of Turkey), and nineteen
are in preclinical studies'. Most vaccines, including ap-
proved and preclinical VLP vaccines, are characterized
by parenteral administration (intramuscular or subcuta-
neous), which requires aseptic technique and specially
trained personnel. To increase immunogenicity, they are
used together with adjuvants of different nature, and the
above vaccines are no exception. Intranasal immuniza-
tion has demonstrated a promising ability to stimulate
mucosal secretory immunity along with the formation of

'https://www.who.int/publications/m/item/draft-landscape-of-covid-
19-candidate-vaccines, nara oopamenns 05.11.2024
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humoral and cellular immune response, and has a num-
ber of additional advantages, the main one being ease of
administration and dosing compared to injectable forms.
Protection of the respiratory tract, the entry gate for
SARS-CoV-2 virus, by activation of local mucosal immu-
nity is one of the main advantages of the intranasal route
of vaccine administration. Compared to injectable forms,
intranasal vaccine is convenient for dosing, nasal vaccine
immunizations do not require specially trained personnel,
thus eliminating the problem regarding shortage of spe-
cialists, which is important in the event of an epidemic
and/or pandemic. Furthermore, the non-invasive meth-
od of vaccination is more attractive to people, especially
those with trypanophobia, which significantly increases
the number of patients who are willing to be immunized.

The quadrivalent intranasal VLP vaccine against
COVID-19 is a mixture of 4 SARS-CoV-2 structural
proteins (S, M, N, E) synthesized in a baculovirus
expression system, purified and homogenized. VLPs
mimic the SARS-CoV-2 virion, while containing no
nucleic acids and therefore do not replicate in the body.
The major immunogenic protein is the S-protein of
SARS-CoV-2, and VLPs containing S-protein with
consensus mutations of clades 19A, Alpha, Delta and
Omicron are used in the vaccine formulation. Thus, after
immunization, antibodies to these clade strains will be
induced in the body [2, 3].

Materials and methods

Vaccine. Composition: Recombinant VLP complex
containing S-protein on the surface, clades 19A, Alpha,
Delta, Omicron SARS-CoV-2 synthesized in baculovirus
expression system — 80-160 mcg; potassium dihydro-
phosphate — 0.63 mg; sodium hydrophosphate — 0.65 mg;
sodium chloride — 3.84 mg; potassium chloride — 0.09 mg;
calcium chloride — 0.02 mg; tris(hydroxymethyl)amino-
methane-HCI1 — 0.03 mg; thiomersal — 4.00 ug; water for
injection — up to 0.5 ml.

Animal models. Sexually mature outbred mice weigh-
ing 25-35 g (30 females (9) and 30 males (J)) and
sexually mature outbred rats weighing 300-400 g (459
and 453) were used. Mice were housed 10 individuals
each and rats 5 individuals each in polycarbonate cages
with adaptations for food, water and steel label holders.
The following groups were formed: “saline solution” —
animals injected with saline solution (NaCl 0.9%);
“squalene-based oil-in-water adjuvant” — group of ani-
mals injected intranasally with adjuvant; “VLP” — group
of mice injected intranasally with 200 pg of vaccine
antigen at a dose of; “VLP 80 pg” — group of rats that
were intranasally injected with 80 pg antigen vaccine per
dose; “VLP 160 pg” — group of rats that were intranasally
injected with 160 pg antigen vaccine per dose. All an-
imal manipulations were performed in accordance with
the rules of the European Convention for the Protection
of Vertebrate Animals Used for Experiments and Other
Scientific Purposes ETS No. 123 (Strasbourg, 1986) and
Directive 2010/63/EU of the European Parliament and
of the Council of the European Union on the protection
of animals used for scientific purposes. The design and
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concept of the study were developed taking into account
the requirements of the Ministry of Health of the Russian
Federation and the concept of humane use of animals in
experiments — “The Three R’s”>* [4—-14].

Selection of drug doses and route of administration.
Mice were intranasally administered fractionally (25 pl
at 1.5 h intervals) with a vaccine concentration of 200 pg
antigen per dose for the acute toxicity study; this dose is
more than 2000 times the human dose. Rats in the sub-
chronic toxicity study of the VLP vaccine were adminis-
tered intranasally one inoculum (80 pg antigen per dose)
and double the human dose (160 pg antigen per dose).
Similar to mice, due to the lack of possibility of a single
intranasal administration of the tested doses, the adminis-
tration was carried out fractionally (3 h interval).

Animal model observation. In the acute toxicity study
on mice, the animals were monitored for two weeks, and
on the day of vaccination, they were monitored hourly.
In the chronic toxicity study on rats, 10 animals were re-
moved from each group 24 hours after the last vaccine
administration, and the remaining rats were monitored for
two weeks. Mice and rats were euthanized with complete
pre-treatment examination in the same manner as rats re-
moved from the study groups 24 h after the last vaccine
administration. Toxic effects were evaluated by criteria
such as: animal deaths (timing and number if any); respi-
ratory monitoring (dyspnea and/or tachypnea, cyanosis,
rhinorrhea); motor monitoring (hyper/hypokinesia, hy-
persomnia, ataxia, loss of sensation, catalepsy, prostra-
tion, tremor, fascial convulsions); reflexes; ocular signs;
hypersalivation; polyuria; cardiovascular monitoring
(brady-, tachycardia, arrhythmia); gastrointestinal mon-
itoring (dyspepsia, vomiting, stool changes); piloleiomy-
oma; alopecia; analgesia; muscle tone; feed and water
consumption; zoosocial behavior.

Body mass registration. Weighing was carried out on
ASOM PC-100W-5 scales (ASOM, South Korea).

Temperature measurement. Thermometry was per-
formed rectally with an electronic medical thermometer
B.Well WT-03 (B.Well, UK).

Water and feed consumption. Water consumption was
determined by the difference in the volume of water in
drinking bottles before and after 24 hours. Water con-
sumption was determined by the difference in the volume
of water in drinking bottles before placement in the cage
and after 24 hours. Similarly, feed intake was determined
by the difference in weight before distribution and af-
ter 24 hours.

Behavioral reactions in the “Open Field” test. The ob-
servation of animal behavior was carried out for 10 min in
a special installation, which was a round square area with
a diameter of 90 cm and a wall height of 50 cm, illumi-

INational standard of the Russian Federation (GOST 33044-2014)
«Principles of Good Laboratory Practice».

SNational standard of the Russian Federation GOST R 56701-
2015 dated 01.07.2016 «Medicines for medical use. Guidelines for
planning preclinical safety studies for the purpose of subsequent
clinical trials and registration of medicinal products».
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nated by a 40 W red lamp, which was placed at a distance
of 2 m. Registration of the studied parameters was carried
out visually. The time for adaptation, horizontal and verti-
cal activity by the number of crossed squares horizontally
and vertically, respectively, the number of acts of defeca-
tion and urination, as well as grooming (washing) were
taken into account.

Cardiovascular activity readings such as heart rate and
electrocardiographic activity were recorded using a Po-
ly-Spectr-8/V computer electrocardiograph specialized
for veterinary medicine (Neurosoft LLC, Russia).

Blood analysis. General blood analysis was performed
on a Mindray BC-2800-vet hematological analyzer (Min-
dray, China) in accordance with the manufacturer’s in-
structions. For this purpose, blood was taken from the
tail vein into tubes with a Univet EDTA anticoagulant.
Such indicators as: number of red and white blood cells
(erythrocytes and leukocytes-monocytes, lymphocytes
and granulocytes) were evaluated. The following indices
were determined in blood hemostasis tests: blood clotting
time, activated partial thromboplastin time (APTT) and
fibrinogen. blood was also collected from the tail vein,
but in tubes with 3.8% sodium citrate solution. The analy-
sis was performed on the analyzer of hemostasis parame-
ters PGA-02-P (LLC EMKO, Russia) in accordance with
the manufacturer’s instructions and reagent kits of Renam
company.

Blood biochemical analysis was performed on a Stat
Fax 4500+ photometer (Awareness Technology Inc.,
USA) using standard reagent kits from Unimed and
Olvex Diagnostikum in accordance with the manufactur-
er’s instructions. Blood was collected in tubes with pel-
lets for serum separation. The following parameters were
determined: total protein (biuret method), aspartate and
alanine aminotransferase and alkaline phosphatase (ki-
netic method), creatinine (kinetic method based on the
Jaffe reaction), urea (UV kinetic method), albumin and
sodium (colorimetric method), potassium (turbidimetric
method without deproteinization), total bilirubin (by di-
azotization of bilirubin with diazosulfanilic acid), glucose
(glucose oxidase method), cholesterol and triglycerides
(enzymatic method).

Urine was analyzed using DecaFan LAURA strips on
the LAURA Smart rapid urine analyzer (Erba Lachema
s.r.0., Czech Republic). The specific gravity of urine, pH
level and the content of erythrocytes, leukocytes, protein,
glucose, ketones, bilirubin, urobilinogen and nitrite were
determined.

Terminal procedures. Necropsy was performed imme-
diately after the animals were sacrificed according to the
complete pathologoanatomical scheme. When studying
acute toxicity, euthanasia was performed by inhalation of
carbon dioxide (CO,), and when studying subchronic tox-
icity, it was performed by decapitation with preliminary
anesthesia.

Macroscopic examination. The following organs were
visually examined: brain, heart, aorta, larynx, trachea,
lungs, submandibular salivary gland, thyroid, thymus,
lymph nodes, esophagus, stomach, pancreas, small and
large intestines, liver and gallbladder, spleen, kidneys,
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adrenal glands, bladder, testes/ovaries, uterus and vagina.

Microscopic examination was performed using a Lei-
ca DM1000 light microscope (Leica Microsystems CSC
GmbH, Germany) to analyze the cytohistoarchitectonics
of the injection site (nasal passages).

Morphometric analysis. The organs were weighed on
a DL-63 scale (DEMCOM, Russia). Paired organs were
weighed together. The relative mass of organs (brain, thy-
mus, heart, lungs, kidneys, adrenal glands, liver, spleen,
testes/ovaries) was determined by the ratio of the mass of
the studied organ to the animal body weight.

Histological examination. Slices (3-4 nm) of the stud-
ied organ and tissue samples were prepared on a micro-
tome RMD-4000 (MT Point, Russia) after preliminary
fixation in 15% formalin solution, as well as dehydra-
tion, degreasing and paraffinization on a histoprocessor
TLP-144 (MT Point, Russia). After fixation of the ob-
tained sections on a slide, deparaffinization in xylene and
alcohol battery was performed for further staining with
hematoxylin and eosin. Then the stained samples were
examined on a Leica DM1000 light microscope (Leica
Microsystems CSC GmbH, Germany).

Statistical analysis. The comparison criterion was cho-
sen based on the parameters of normality of sample dis-
tribution. Reliability of the differences in the obtained
values of the measured indicators between the control
and experimental groups was performed using parametric
and nonparametric methods. (Student’s t-test and Mann—
Whitney U-test, respectively). A difference was consid-
ered significant at p < 0.05.

The authors confirm compliance with institutional
and national standards for the use of laboratory animals
in accordance with the Consensus author guidelines for
animal use (IAVES 23.07.2010). The study protocol was
approved by the Bioethical Commission of the Institute
for Biomedical Research and Technologies (Protocol
No. 4/2022 of 16.05.2022).

Results

Acute toxicity study on mice showed that throughout
the study the animals did not show clinical picture
of intoxication, no deaths were registered. During
immunization the animals behaved calmly, sneezing or
ingestion of the drug was not observed. During the last
injections of both the vaccine and the carrier, redness and
swelling of the nasal speculum were observed in the mice,
which passed within a day. After vaccine administration,
as well as during the rest of the observation period, visual
inspection of all animals of the studied groups showed no
deviations from the norm and no differences between the
groups. The mice looked to be in good health. Zoosocial
behavior of mice of control and experimental groups did
not differ. Appearance, coat condition, muscle tone and
respiration were without peculiarities. Urinary frequency,
urine color, gastrointestinal parameters, and reflexes
corresponded to the physiological norm [15, 16]. No
significant difference in feed and water consumption was
recorded regardless of sex or study group, weight gain was
not statistically significantly different between control
(“saline solution”) and experimental groups (“Squalene-
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based oil-in-water adjuvant” and “VLP”) throughout
the experiment (p>0.05). The results are presented in
Figure a and b.

For the pathomorphologic evaluation of organs,
necropsy with organ extraction was performed. There
was no effect of the vaccine on the state of internal organs
of mice at macroscopic examination. No significant both
intragroup and intergroup differences were found. The
location of internal organs was physiologically correct,
natural orifices without peculiarities, and no free fluid
was found. Also, no negative effect of the vaccine on
the anatomy and weight of the organs was found. The
obtained results of relative weight of internal organs are
presented in Table 1.

In the study of subchronic toxicity on rats, no death of
animals was registered. Monitoring of general condition
and behavior throughout the experiment was carried out
daily. No deviations were revealed; the Open Field test
was without peculiarities. Reaction to external stimuli,
orientation in space, muscle tone and coordination of
movements were within physiological norms. There
were no signs of aggression. The rats looked healthy, pelt
was without peculiarities, skin — without pathological
signs. The abdomen showed no signs of enlargement;
visible mucous membranes — moderately moist, pink,
clean; teeth — without changes; ears and eyes — without
inflammatory signs; lacrimation and salivation — without
disorders. Breathing is even, without peculiarities. The
amounts of urination and defecation were in accordance
with the physiological norm; there was no nasal discharge.
In certain animals after three times daily instillation
of both vaccine and carrier into the nasal cavity there
appeared redness and swelling of the nasal speculum.
The described phenomena disappeared on their own
after 24 hours. Thermometry of animals did not reveal any
deviations beyond the physiological norm [15, 16]. There
was no significant effect of intranasal administration of
VLP vaccine, both in vaccination and double vaccination
doses, on the dynamics of body weight of rats, which
shows that there is no negative effect of VLP vaccine on
this index (Fig. ¢ and d).

Group mean values of clinical blood analysis are
presented in Table 2. One day after the last immunization
(43rd day), a significant increase of less than 2-fold
in the number of platelets was detected in male rats
receiving 160 pg of antigen per dose (double inoculation
dose) compared to the control group. The observed
increase in platelet counts was reversible and was not
observed in other experimental groups or at other times
of clinical blood tests throughout the study. After 14 days
there were no statistically significant differences of this
index between the experimental and control groups.
At the same time, there were no significant differences
between the groups for the rest of the studied blood
analysis parameters, which did not exceed the limits of
physiological norms for rats [15, 16].

The study of the hemostasis system by such coagulo-
gram indicators as activated partial thromboplastin time
(APTT), recalcification time and fibrinogen did not reveal
significant differences between the experimental and con-
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a/a

6/c

Table 1. Relative mass of internal organs of mice, % (m + SEM)

o/b

2/d

Figure. Average weights of male (@) and female (b) mice
in the study groups before the study — day 0, on days 1, 2, 3,4, 7, 8
and 15 after vaccine administration, g (m = SEM). Average weights
of male (c) and female (d) rats in the study groups before the
study — day 0, on days 8, 15, 22, 29, 36, 43, 50 and 58 after vaccine
administration, g (m + SEM).

Vertical axis — animal weight, g; horizontal axis — experiment duration, days.

Pucynox. CpeaHue 3HaueHHS Macchl caMIoB (a) U caMok (6)
MBIIIEH B UCCIEAYEMbIX TPYIIIax g0 ucciexoBanus — 0-¢ CyTKH, HA
1,2,3,4,7, 8 u 15-e cyTku nociie BBEACHUS BAaKIUHbI,

r (m £ SEM). CpenHrie 3Ha4eHUS MAcChI CaMIIOB (6) U CaMOK (2)
KPBIC B UCCIIEAYEMbIX TpyIMIax A0 uccienoanus — 0-e cyTku, Ha 8,
15, 22, 29, 36, 43, 50 u 58-¢ cyTku mocie BBEICHHUS BaKIMHBI,

r (m + SEM).

Ilo BEPTUKAJIM — MacCa )XKUBOTHBIX, I'; 10 TOPU3OHTAIN — NIPOJAOJDKUTEIBHOCTD
OKCIIEpUMEHTA, CYTKH.

Tadauua 1. OTHOCHTENbHAS Macca BHYTPEHHUX OPraHOB CaMIIOB U caMOK MblIieH, % (m = SEM)

Group
I'pynna
Organ NaCl0.9% Adjuvanted with an oil-in-water
Opran VLP
Dus. p-p AJIbIOBAaHT Ha OCHOBE CKBaJICHA
Q,n =10 3,n =10 Q,n =10 3,n =10 Q,n =10 3,n =10
Brain 1.2+0.06 1.1+0.06 1.3+0.05 1.0 £ 0.04 1.3£0.09 1.1+0.08
TomoBHOI MO3T
%hymus 0.2+0.03 0.1+0.01 0.2 +0.01 0.2 +0.02 0.2+ 0.02 0.2+0.01
HUMYC
Heart
0.4+ 0.01 0.4+ 0.01 0.4 +0.02 0.4+0.01 0.4+ 0.01 0.4+0.02
Cepaue
Lungs 0.8+0.11 0.7+ 0.07 0.7+ 0.06 0.9+0.11 0.9+0.11 0.7+0.12
Jlerkue
Kidneys 114004 124004 1.1+0.04 13+0.03 114004 134006
TTouku
ﬁdrenal glands 0.04 + 0.002 0.02 +0.001 0.03 + 0.002 0.02 + 0.002 0.04 = 0.002 0.02 £ 0.001
AAIOYCHYHUKU
Liver
3.840.13 3.6+ 0.06 3.8+0.14 3.6+ 0.07 3.6+0.10 3.8+0.09
ITeuenn
Cpleen 0.4 +0.07 0.3£0.02 0.4 +0.08 0.3+0.02 0.4 +0.07 0.4+0.03
CIJIIC3CHKAa
Thymus/spleen 0.5+0.12 0.5+ 0.05 0.5 + 0.06 0.5+0.05 0.5+0.10 0.5+ 0.05
Tumyc/cenesenka
Testes/Ovaries 0.1+0.01 0.6+ 0.04 0.1+0.01 0.7+0.03 0.2+0.01 0.7 +0.05
CeMEeHHUKU/AMYHUKA

Note. Here and in the table. 2, 3 data are presented as group means with standard errors of the mean (m + SEM).

Ilpumeuanue. 3nech u B Ta0I. 2, 3 1aHHBIC NPEICTABICHBI B BUAE CPEIHUX 3HAYCHUIT [0 TPYIIIE CO CTAHAAPTHBIMHU OIIMOKaMu cpeaHero (m = SEM).
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trol groups. Blood biochemical parameters (total protein,
cholesterol, triglycerides, total bilirubin, aspartate and al-
anine aminotransferase, alkaline phosphatase, urea) and
urinalysis (protein, ketones, specific gravity, pH) in rats
receiving intranasal vaccine based on VLP inoculated
and double inoculated dose were not statistically signifi-
cantly different from similar parameters in rats of control
groups. No signs of intoxication and pathologic abnor-
malities in the structure of internal organs were detected
in male and female rats. The average values of relative
weight of internal organs of rats are presented in Table 3.

In the experimental group of rats injected intranasally
with VLP vaccine in a double vaccination dose (160 pg
of antigen per dose), a one and a half times increase in the
relative weight of spleens in females and lungs in males
was detected compared to the control group. Although the
increase was statistically significant, the values did not
exceed the limits of physiologic norms for laboratory rats
[15, 16].

OPUTUHAJbHbBIE NCCNEAOBAHUA

Visual assessment, cytologic and histologic analysis of
the vaccine injection site showed no local irritant effect.

Discussion

Despite limited data on the safety of SARS-CoV-2
vaccines, their application in pandemic settings was
necessary. However, the subsequent development of
adverse events and severe complications in volunteers
adversely affects public confidence in vaccination. Bib-
liometric analysis of 1312 COVID-19 vaccine studies
by Y. Chen et al. showed that they primarily focused on
clinical trials [17], while preclinical safety studies were
hardly covered at all.

Previously, approved VLP-based vaccines against
human papillomavirus (Gardasil, Gardasil9, Cervarix),
hepatitis B (Sci-B-Vac), hepatitis E (Hecolin) and malaria
(Mosquirix) have been shown to be safe, immunogenic
and effective [18]. All the mentioned vaccines are
administered intramuscularly, as are seven VLP vaccines

Table 2. Clinical blood test parameters of rats on the 1st and 14th days after the last immunization (43th and 58th days of the experiment, respective-
ly), % (m = SEM)

Taéauua 2. [Tokasareny KIMHAYECKOTO aHAIM3a KPOBYU CAMIIOB U CAMOK KpbIC Ha 1-e U 14-e cyTku nocine nocnenHeit BakuuHauuu (43 u 58-e cytku
SKCIIEPUMEHTa COOTBETCTBEHHO), % (m = SEM)

Group
I'pynna
glgoizo:nt (]:3 ays Adjuvanted with an oil-in-water VLP 80 pg VLP 160 pg
Kazareib yTRH AJIbIOBaHT Ha OCHOBE CKBaJIeHa VLP 80 Mkr VLP 160 mkr
Q,n =15 d,n =15 Q,n =15 d,n=15 Q,n =15 d,n =15
RBC, 1071 43 784011 794037 774033 834020 7.9+ 030 83+0.19
12
RBC, 10%/n 58 8.0+ 0.26 874023 7.840.14 874027 7.6+0.12 824042
PLT. 10°1 43 374.6 + 28.01 355744987  4172+3229  3632+2848  517.6+7096  600.4+ 67.74*
9
PLT, 10%x 58 34721084  338.0+16.10 365.2+7.89 369.2+5.15 330.0 = 10.50 372.4+7.55
43 43.0+0.69 41.6+1.75 4154172 43.9+1.00 429+1.63 440+ 1.08
HCT, %
58 433+ 1.04 461+ 1.18 422 +1.06 45.0+1.29 4174047 43.942.02
HGB, g/ 43 1473 +2.58 139.4 4 6.10 141.8 % 6.04 147.1 + 3.46 146.1 + 5.87 144.0 £ 791
HGB, r/n 58 149.2 +3.83 160.0 + 4.45 146.7 + 4.14 1543 +5.18 1442 % 2.06 144.7 +7.02
WEC, 101 43 10.9+1.72 10.1+0.99 9.9+ 1.11 9.0+ 120 9.8+ 1.09 110+ 1.54
9
WBC, 10°/n 58 11.0+1.72 175 + 1.60 11.0+1.55 12.2 42,40 150+ 1.19 157+0.72
43 63.1+1.90 64.4+0.95 67.7 +0.99 673+ 1.73 65.8+ 1.93 64.9+1.78
LYM, %
58 6454232 5734220 62.0+ 1.18 5354324 63.8+5.59 56.5+537
43 414027 384016 3.7+0.18 33+0.14 4040235 374017
MON, %
58 41+0.86 40+035 45+034 3.9+0.22 3.8+0.27 404033
43 32.841.90 31.940.87 28.6 +0.88 294+ 1.66 302+ 1.85 3154 1.67
GRAN, %
58 3144225 3874234 3174 0.90 39.0+3.42 28.4+ 836 36.5+4.42

Note. RBC — erythrocytes; PLT — platelets; HCT — hematocrit; HGB — hemoglobin; WBC — leukocytes; LYM — lymphocytes; MON — monocytes;
GRAN - granulocytes. * — statistically significant difference compared to the control according to Student’s #-test (p < 0.05).

Ilpumeuanue. RBC — sputpountsr; PLT — Tpom6ountsr; HCT — remarokput; HGB — remorno6oun; WBC — nefikouutsr; LYM — numdonntsr; MON —
MorouuThl; GRAN — rpanynmouunTsl. ¥ — CTAaTUCTHYECKH 3HAYMMOE pa3lInuie B CPaBHEHUH C KOHTpOIIEM 1o f-kputeputo Cretonenra (p < 0,05).
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Table 3. Relative mass of internal organs of rats on the 1st and 14th days after the last immunization (43th and 58th days of the experiment,

respectively), % (m = SEM)

Taoauuna 3. MopdomeTprdeckuii aHann3 BHYyTPEHHUX OPraHOB CaMIIOB U CAMOK KpbIC Ha 1-¢ u 14-e cyTku mocie nmocieane BakiuHanuu (43 u 58-¢

CYTKH 9KCIIEPUMEHTa COOTBETCTBEHHO), % (m £ SEM)

Group
I'pynma
gr%j; (]:) ?I/(SH Adjuvanted with an oil-in-water VLP 80 pug VLP 160 pg
P Y AIBIOBAaHT HA OCHOBE CKBaJICHA VLP 80 mkr VLP 160 mMxr
Q,n=15 d,n =15 Q,n =15 d,n=15 Q,n=15 3,n =15
Brain 43 0.6+ 0.02 0.4 +0.01 0.6 £0.01 0.4 +0.02 0.6 +0.02 0.4+0.01
Tonosroii mosr 58 0.6+ 0.03 0.4+ 0.02 0.6+ 0.03 044001 0.6+ 0.02 0.5+ 0.02
43 0.13+0.01 0.1+0.01 0.1£0.01 0.1+0.01 0.1+0.01 0.1+0.01
Thymus
Tinyc 58 0.10£0.01 0.1£0.01 0.1£0.01 0.1+0.003 0.1+0.01 0.1£0.01
Heart 43 0.3+0.01 0.3 +0.02 0.3 £0.03 0.3+0.01 0.3 +0.01 0.3 £ 0.004
Cepaue 58 0.3+0.01 0.3 +0.02 0.3 +0.01 0.3+0.01 0.0 £ 0.01 0.3 +0.02
L 43 0.6+0.05 0.4+ 0.03 0.6 £0.05 0.5+0.03 0.5+ 0.05 0.4+ 0.03
ungs
Jlerxue 58 0.5+0.03 0.5 +0.04 0.5 +0.05 0.4+0.04 0.5+ 0.03 0.6 = 0.02%
Kidneys 43 0.6+0.01 0.6 £ 0.02 0.6 £0.02 0.6 £0.02 0.6+ 0.01 0.5+0.01
Hogxa 58 0.6 +0.02 0.6 £ 0.03 0.6 +0.01 0.6 +0.01 0.6 £ 0.03 0.6 £ 0.02
Adrenal glands 43 0.02+0.002  0.01+0.001  0.02+0.001 0.01+0.001  0.02+0.001  0.01+0.001
Hannoseumuxn 58 0.02+0.003  0.01+0.001  0.02+0.002  0.01+0.001  0.02+0.002  0.01 =0.001
Liver 43 2.4+0.05 25+0.08 2.4+0.06 2.4+0.06 2.4+0.06 23+0.04
Iezens 58 2.5+0.05 2.4£0.10 2.5+0.13 25+0.13 2.8+0.13 2.3 +0.05
Spleen 43 0.3 +0.01 0.2 +0.01 0.3 +0.02 0.2+0.01 0.2 +0.01 0.2£0.01
Cenesenxa 58 0.3 +0.01 0.2 +0.01 0.3 +0.01 0.2 + 0.004 0.3 +0.03* 0.2 +0.02
. 43 0.04 + 0.004 0.7 +0.02 0.04 + 0.002 0.7+0.03 0.04 + 0.002 0.7 £0.02
Testes/Ovaries
CeMeHHHUKH/ S HIKH 58 0.04 + 0.002 0.7 +0.03 0.04 + 0.005 0.7 +0.01 0.04 +0.001 0.8 +0.03

Note. * — statistically significant difference compared to the control according to Student’s ¢-test (p < 0.05).

Ipumeuanue. * — CTAaTUCTUYECKHN 3HAYMMOE Pa3IN4Ke B CPABHEHUH C KOHTpoJeM 1o t-kputeputo CteroneHTa (p < 0,05).

against COVID-19, which are in various stages of
clinical trials!. The development of vaccines against
SARS-CoV-2 with an intranasal route of administration
is increasingly attracting the interest of researchers from
different countries and, despite the variety of possible
platforms, they are predominantly vector vaccines [19].
The development of polyvalent vaccines for COVID-19
prophylaxis effective against new variants of SARS-
CoV-2 is still an urgent task [20]. One of the important
stages of vaccine development is safety studies, including
the determination of acute and chronic toxicity; therefore,
preclinical safety studies of previously developed,
obtained and characterized VLPs were conducted [21] for
intranasal route of administration.

In accordance with the Guidelines for conducting pre-
clinical studies of drugs edited by A.N. Mironov [10],
animal studies provide the most complete information
on the toxic properties of the vaccine under test, which
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is supposed to be used in humans. Mice and rats are
standard objects of toxicological studies in the number
sufficient for complete registration of the studied effects
and statistical processing of the obtained data.

This study presents the results of acute (mice) and sub-
chronic (rats) toxicity studies with evaluation of local tol-
erance, conducted on outbred animals (to exclude geno-
typic dependence), of both sexes, with a weight variation
of less than 10% and a number sufficient for statistical
processing of the results, but not exceeding ethically per-
missible numbers for the formation of experimental and
control groups.

In the acute toxicity study, mice were injected
once intranasally with VLP vaccine with a concen-
tration of 200 mg of antigen per dose, which is more
than 2000 times higher than the vaccination dose for
humans. The investigated vaccine was non-toxic, there
were no signs of intoxication and death of animals, and
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therefore the calculation of lethal doses was impossible.
The results obtained coincide with the data obtained by
other researchers [22, 23], they were also unable to cal-
culate lethal doses due to the absence of mortality of the
animals studied. This confirms the low toxicity of VLP-
based vaccines.

In preclinical subchronic toxicity studies, rats were
administered a single vaccine dose calculated for hu-
mans (80 pg) and a doubled dose (160 pg). It is note-
worthy that, as in the case of the study on mice, there
were no differences in the studied parameters between
the groups. At the same time, in case of administration
of a double inoculation dose of the drug to rats a day
after the last immunization (43rd day), a passing sta-
tistically significant increase in the number of platelets
less than 2-fold was observed in males, and on the 58th
day an almost 1.5-fold increase in spleens in females
and lungs in males was detected, but since these values
did not exceed the physiological norms for laboratory
rats [15, 16], the obtained deviations can be attributed
to fluctuation changes not related to vaccination. Visu-
al assessment, cytologic and histologic analysis of the
vaccine injection site showed no local irritant effect.
Preclinical studies presented by Iranian researchers
showed that subunit vaccine with heterologous prime-
boost vaccination method, when animals were adminis-
tered two doses of vaccine intramuscularly and one dose
intranasally, showed no changes in general clinical ob-
servations; body weight and food consumption, clinical
parameters, hematologic examination, blood chemistry
analysis and pathologic examination of vital organs.
Vaccine safety has been established after administration
of single and repeated dose of the drug [23].

Continuous evaluation of vaccine safety is essential and
the results should be disseminated to build confidence in
immunization programs to increase public commitment
to vaccine prophylaxis [24].

Intranasal immunization has demonstrated a promising
ability to stimulate mucosal secretory immunity along
with the induction of humoral and cellular immunity, and
has the added advantage of ease of administration and
dosing compared with parenteral forms of administration.

The safety demonstrated in the present study in acute
and subchronic toxicity studies of a quadrivalent VLP-
based vaccine for the prevention of COVID-19 intranasal
administration allows for further development of this
drug product in extensive preclinical and follow-up
clinical studies.

Conclusion

The presented study of acute and subchronic toxicity
with evaluation of local tolerability of quadrivalent VLP
vaccine against COVID-19 is a part of preclinical studies
of safety, immunogenicity and efficacy of intranasal
VLP-based vaccine against COVID-19. The concept
and design of the study were developed taking into
account the requirements of the Ministry of Health of the
Russian Federation, standards in the field of preclinical
safety studies of new pharmacological agents — GLP
(Good Laboratory Practice) system and guidelines for

OPUTUHAJbHbBIE NCCNEAOBAHUA

conducting preclinical studies of medicines edited by
A.N. Mironov.

Both an acute toxicity study in outbred mice and a
subchronic toxicity study in outbred rats demonstrated
the safety of a quadrivalent VLP-based vaccine for
COVID-19 prophylaxis. It was shown that nasal
instillations (vaccination dose, double vaccination dose
and antigen dosage more than 2000 times higher than
the human vaccination dose) had no toxic effect on the
organism of laboratory animals — rats and mice. The
observed insignificant changes were transient and did not
exceed the limits of physiological norms.

REFERENCES

1. Fernandes Q., Inchakalody V.P., Merhi M., Mestiri S., Taib N.,
Moustafa Abo El-Ella D., et al. Emerging COVID-19 variants and
their impact on SARS-CoV-2 diagnosis, therapeutics and vaccines.
Ann. Med. 2022; 54(1): 524-40. https://doi.org/10.1080/07853890.2
022.2031274

2. Grebennikova T.V., Eliseeva O.V., Latyshev O.E., Savochkina T.E.,
Tsibezov V.V., Cherepushkin S.A., et al. Recombinant virus-like
particles for induction of specific immunity against severe acute
respiratory syndrome virus SARS-CoV-2. Patent RU 2769224 Cl;
2022. https://elibrary.ru/prmwijl (in Russian)

3. Grebennikova T.V,, Eliseeva O.V., Latyshev O.E., Cherepushkin S.A.,
Tsibizov V.V,, Lebedeva V.V, et al. Virus-like chimeric particles for
the induction of specific immunity against the severe acute respiratory
syndrome virus SARS-CoV-2, containing proteins of coronavirus and
rotavirus. Patent RU 2779810 C1; 2022. (in Russian)

4. Gus’kova T.A., Syubaev R.D. Toxicological Aspects of
Simultaneous Use of Various Medicines. Toxicology of Medicines
[Toksikologicheskie aspekty odnovremennogo ispol’zovaniya
razlichnykh lekarstvennykh sredstv. Toksikologiya lekarstvennykh
sredstv]. Moscow: Russkii vrach; 2003; 116—40. (in Russian)

5. Zapadnyuk I.P., Zapadnyuk V.I., Zakhariya E.A. Laboratory
Animals, their Breeding and Use in Experiment [Laboratornye
zhivotnye, ikh razvedenie i ispol’zovanie v eksperimente]. Kiev;
1982. (in Russian)

6. International recommendations for conducting biomedical research
using animals. Lanimagologiya. 1993; (1): 29. (in Russian)

7. Menshikov V.V. Laboratory Research Methods in the Clinic
[Laboratornye metody issledovaniya v klinike]. Moscow; 1987. (in
Russian)

8. Nazarenko G.I., Kishkun A.A. Clinical Evaluation of Laboratory
Research Results: A Practical Guide [Klinicheskaya otsenka
rezul’tatov laboratornykh issledovanii: Prakticheskoe rukovodstvo].
Moscow: Meditsina; 2007. (in Russian)

9. Trakhtenberg I.M. Problems of Norm in Toxicology [Problemy
normy v toksikologii]. Moscow; 1991. (in Russian)

10. Mironov A.N. ed. Guidelines for Conducting Preclinical Studies of
Medicines [Rukovodstvo po provedeniyu doklinicheskikh issledovanii
lekarstvennykh sredstv]. Moscow: Grif and K; 2012. (in Russian)

11. Mironov A.N., Merkulov V.A. Guidelines for the Examination of
Medicines. Volume 3 [Rukovodstvo po ekspertize lekarstvennykh
sredstv. Tom 3]. Moscow: Poligraf-Plyus; 2014. (in Russian)

12. Garber D.S., Barbi R.V,, Bilitski D.T., Kleiton Li.E., Donovan D.K.,
Kon D.F.,, et al. Guidelines for the Maintenance and Use of
Laboratory Animals [Rukovodstvo po soderzhaniyu i ispol’zovaniyu
laboratornykh zhivotnykh]. Moscow: IRBIS; 2017. https://elibrary.
ru/zrjvdj (in Russian)

13. WHO. Guidelines on the non-clinical evaluation of vaccine adjuvants
and adjuvanted vaccines; 2014. Available at: https://who.int/
publications/m/item/nonclinical-evaluation-of-vaccine-adjuvants-
and-adjuvanted-vaccines-annex-2-trs-no-987

43


https://doi.org/10.1080/07853890.2022.2031274
https://doi.org/10.1080/07853890.2022.2031274
https://who.int/publications/m/item/nonclinical-evaluation-of-vaccine-adjuvants-and-adjuvanted-vaccines-annex-2-trs-no-987
https://who.int/publications/m/item/nonclinical-evaluation-of-vaccine-adjuvants-and-adjuvanted-vaccines-annex-2-trs-no-987
https://who.int/publications/m/item/nonclinical-evaluation-of-vaccine-adjuvants-and-adjuvanted-vaccines-annex-2-trs-no-987

PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2025; 70(1)
https://doi.org/10.36233/0507-4088-278

ORIGINAL RESEARCHES

14.

16.

18.

20.

21.

22.

23.

24.

44

Requirements of the International Committee for Science on the use
of laboratory animals in experimental research. Byulleten’ IKLAS.
1978; (24): 4-5. (in Russian)

. Lineva A. Physiological Indicators of the Norm of Animals.

Reference Book [Fiziologicheskie pokazateli normy zhivotnykh.
Spravochnik]. Moscow: Aquarium LTD; 2003. (in Russian)
Abrashova T.V., Gushchin Ya.A., Kovaleva M.A., Rybakova A.V.,
Selezneva A.l, Sokolova A.P., et al. Guide. Physiological,
Biochemical and Biometric Indicators of the Norm of Experimental
Animals [Spravochnik. Fiziologicheskie, biokhimicheskie
i biometricheskie pokazateli normy eksperimental’nykh
zhivotnykh]. St. Petersburg: LEMA; 2013. https://elibrary.ru/
ptsruo (in Russian)

. Chen Y., Cheng L., Lian R., Song Z., Tian J. COVID-19 vaccine

research focusses on safety, efficacy, immunoinformatics, and
vaccine production and delivery: a bibliometric analysis based
on VOSviewer. Biosci. Trends. 2021; 15(2): 64-73. https://doi.
org/10.5582/bst.2021.01061

Nooraei S., Bahrulolum H., Hoseini Z.S., Katalani C., Hajizade A.,
Easton A.J., et al. Virus-like particles: preparation, immunogenicity
and their roles as nanovaccines and drug nanocarriers. J.
Nanobiotechnology. 2021; 19(1): 59. https://doi.org/10.1186/
$12951-021-00806-7

. BaiZ.,WanD.,LanT., Hong W., Dong H., Wei Y., et al. Nanoplatform

based intranasal vaccines: current progress and clinical challenges.
ACS Nano. 2024; 18(36): 24650-81. https://doi.org/10.1021/
acsnano.3c10797

Marks P.W., Gruppuso P.A., Adashi E.Y. Urgent need for next-
generation COVID-19 vaccines. JAMA. 2023; 329(1): 19-20.
https://doi.org/10.1001/jama.2022.22759

Latyshev O.E., Zaykova O.N., Eliseeva O.V., Savochkina T.E.,
Chernoryzh Ya.Yu., Syroeshkin A.V., et al. Development,
production and characterization of SARS-CoV-2 virus-like
particles (Coronaviridae: orthocoronavirinae: betacoronavirus:
sarbecovirus). Voprosy virusologii. 2024; 69(2): 175-86. https://
doi.org/10.36233/0507-4088-226  https://elibrary.ru/gkxfed (in
Russian)

Banihashemi S.R., Es-Haghi A., Fallah Mehrabadi M.H., Nofeli M.,
Mokarram A.R., Ranjbar A., et al. Safety and efficacy of combined
intramuscular/intranasal RAZI-COV PARS vaccine candidate
against SARS-CoV-2: A preclinical study in several animal models.
Front. Immunol. 2022; 13: 836745. https://doi.org/10.3389/
fimmu.2022.836745

Vakhrusheva A.V., Kudriavtsev A.V., Kryuchkov N.A., Deev R.V.,,
Frolova M.E., Blagodatskikh K.A., et al. SARS-CoV-2 subunit virus-
like vaccine demonstrates high safety profile and protective efficacy:
preclinical study. Vaccines (Basel). 2022; 10(8): 1290. https://doi.
org/10.3390/vaccines10081290

Antonova N.A., Yeritsyan K.Yu. The systematic review of empirical
research of factors of refusal from vaccination. Gigiena i Sanitaria
(Hygiene and Sanitation, Russian journal). 2018; 97(7): 664-70.
https://doi.org/10.18821/0016-9900-2018-97-7-664-670 https:/
elibrary.ru/uxaexo (in Russian)

JUTEPATYPA

Fernandes Q., Inchakalody V.P., Merhi M., Mestiri S., Taib N.,
Moustafa Abo El-Ella D., et al. Emerging COVID-19 variants and
their impact on SARS-CoV-2 diagnosis, therapeutics and vaccines.
Ann. Med. 2022; 54(1): 524-40. https://doi.org/10.1080/07853890.2
022.2031274

I'pedennnkoBa T.B., Enuceesa O.B., Jlarbimer O.E., CaBouxu-
Ha T.E., ITu6e3oB B.B., Uepenymkun C.A. u 1p. PekoMOuHaHTHBIE
BHPYCOINOAOOHBIC YaCTHLBI JUIS HHAYKLUH CHEeU(PHUIECKOr0 UMMY-
HHTETa IPOTUB BUPYCA THKEIOTO OCTPOTO PECIIUPATOPHOTO CHHIPO-
Ma SARS-CoV-2. ITarent RU 2769224 C1; 2022. https://elibrary.ru/
prmw;jl

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

I'pebennnkoBa T.B., EmuceeBa O.B., Jlarsimes O.E., Yepemymi-
kuH C.A., llu6e3oB B.B., Jlebenesa B.B. u np. Bupyconono6usie
XHMEpHbIE YaCTHIBI I MHAYKIUH CIequ(HIECKOr0 MMMYHHTE-
Ta MNPOTHUB BUPYCA TSHKEJIONO OCTPOrO PECHHUPATOPHOIO CHHIAPOMA
SARS-CoV-2, comepxaine OelKd KOpOHAaBHUpYyCa M pOTaBHpYca.
ITarent RU 2779810 C1; 2022.

I'yceroBa T.A., Cro0aeB P.JI. TOKCHKOIOTHUECKHE ACTIEKTBI OJHO-
BPEMEHHOTO HCIIOJIb30BAaHUS PA3JIMUHBIX JICKAPCTBEHHBIX CPEJICTB.
Toxcukonmorus JIeKapcTBEHHBIX cpeacTB. M.: Pycckmit Bpau; 2003:
116-40.

Sanagnrok W.I1., 3anaxuiok B.U., 3axapus E.A. JlaboparopHbIe )HBOT-
HbIE, UX Pa3Be/IeHUE U HCIIONIb30BaHUE B oKcriepuMente. Kues; 1982.
MexayHapoiHble PEKOMEHIALUH 110 MPOBEAECHUIO MEIMKO-OMOIIO-
TIHYECKUX UCCIICIOBAHHUMN ¢ MCIIOIb30BaHUEM KMBOTHBIX. JIaHMMaro-
morus. 1993; (1): 29.

Memnbunkos B.B. JlaboparopHblie MeTOIbI HCCIIEIOBAHUS B KIIMHUKE.
M.; 1987.

Hazapenxo I'M., Kumkyn A.A. KiimHndeckasi olieHKa pe3yJabTaToB
TabopaTopHbIX HccnenoBaHuil: [IpakTHueckoe pyKOBOACTBO. M.:
Menununa; 2007.

Tpaxrtenoepr .M. [Ipo6nembl HOpMBI B TOKCHKOIOTHA. M.; 1991.

. MuponoB A.H. pen. PykoBonCTBO 10 IPOBEICHNIO TOKINHHYECKUX

HCCIIEIOBAHUI JIeKapCTBEHHBIX cpeacTB. M.: I'pud u K; 2012.
MuponoB A.H., Mepkyio B.A. PykoBoJCTBO 10 dKCIIEPTH3E JIeKap-
cTBeHHBIX cpencTB. Tom 3. M.: [lonurpad-Ilnoc; 2014.

T'apoep A.C., Bapou PB., bummnxu J[.T., Kneiiton JIn.D., JloHo-
Bae /1.K., Kor J1.®. u 1p. PyxoBoacTBo 10 comepkaHUIO U HCTIONB30Ba-
HHUIO J1abopaTopHbIX *kUBOTHBIX. M.: IPBUC; 2017. https://elibrary.ru/
zijvdj

WHO. Guidelines on the non-clinical evaluation of vaccine adjuvants
and adjuvanted vaccines; 2014. Available at: https://who.int/publica-
tions/m/item/nonclinical-evaluation-of-vaccine-adjuvants-and-adju-
vanted-vaccines-annex-2-trs-no-987

TpeboBaHus MeKIyHapOIHOTO KOMHUTETA I10 HAayKe IO HCIIONb30Ba-
HHIO B 3KCIIEPUMEHTAIBHBIX HCCIICJOBAHUIX 1a00PATOPHBIX KUBOT-
HbIX. broyuerens UKJIAC. 1978; (24): 4-5.

JluneBa A. Qusmonoruueckue MOKA3aTelId HOPMBI JKHBOTHBIX.
CnpaBounuk. M.: Aksapuym JITJ]; 2003.

Aopamosa T.B., I'ymun S1.A., KoBanesa M.A., PribakoBa A.B., Ce-
ne3neBa A.M., Cokonosa A.Il. u np. CripaBounuk. dusnonoruye-
CKHe, OHOXHMHYECKHE U OHOMETpHYECKHE TOKa3aTeIn HOPMBI 3KC-
nepuMeHTa bHbIX )KUBOTHBIX. CI16.: JIEMA; 2013. https://elibrary.
ru/ptsruo

Chen Y., Cheng L., Lian R., Song Z., Tian J. COVID-19 vaccine re-
search focusses on safety, efficacy, immunoinformatics, and vaccine
production and delivery: a bibliometric analysis based on VOSview-
er. Biosci. Trends. 2021; 15(2): 64-73. https://doi.org/10.5582/
bst.2021.01061

Nooraei S., Bahrulolum H., Hoseini Z.S., Katalani C., Hajizade A.,
Easton A.J., et al. Virus-like particles: preparation, immunogenicity
and their roles as nanovaccines and drug nanocarriers. J. Nanobio-
technology. 2021; 19(1): 59. https://doi.org/10.1186/s12951-021-
00806-7.

Bai Z., Wan D., Lan T., Hong W., Dong H., Wei Y., et al. Nanoplat-
form based intranasal vaccines: current progress and clinical chal-
lenges. ACS Nano. 2024; 18(36): 24650-81. https://doi.org/10.1021/
acsnano.3¢10797.

Marks P.W., Gruppuso P.A., Adashi E.Y. Urgent need for next-gener-
ation COVID-19 vaccines. JAMA. 2023; 329(1): 19-20. https://doi.
org/10.1001/jama.2022.22759

Jlarsres O.E., 3aiixosa O.H., Enmuceesa O.B., CaBoukuna T.E., Uep-
Hopeik S1.IO., Chipoemkun A.B. u np. Paspabotka, noiayueHue u
XapakTepucTHKa BUpycononoousix yactuly SARS-CoV-2 (Coronavi-
ridae: orthocoronavirinae: betacoronavirus: sarbecovirus). Bornpocsr
Bupyconoruu. 2024; 69(2): 175-86. https://doi.org/10.36233/0507-
4088-226 https://elibrary.ru/gkxfed


https://doi.org/10.5582/bst.2021.01061
https://doi.org/10.5582/bst.2021.01061
https://doi.org/10.1186/s12951-021-00806-7
https://doi.org/10.1186/s12951-021-00806-7
https://doi.org/10.1021/acsnano.3c10797
https://doi.org/10.1021/acsnano.3c10797
https://doi.org/10.1001/jama.2022.22759
https://doi.org/10.3389/fimmu.2022.836745
https://doi.org/10.3389/fimmu.2022.836745
https://doi.org/10.3390/vaccines10081290
https://doi.org/10.3390/vaccines10081290
https://doi.org/10.1080/07853890.2022.2031274
https://doi.org/10.1080/07853890.2022.2031274
https://elibrary.ru/zrjvdj
https://elibrary.ru/zrjvdj
https://who.int/publications/m/item/nonclinical-evaluation-of-vaccine-adjuvants-and-adjuvanted-vaccines-annex-2-trs-no-987
https://who.int/publications/m/item/nonclinical-evaluation-of-vaccine-adjuvants-and-adjuvanted-vaccines-annex-2-trs-no-987
https://who.int/publications/m/item/nonclinical-evaluation-of-vaccine-adjuvants-and-adjuvanted-vaccines-annex-2-trs-no-987
https://elibrary.ru/ptsruo
https://elibrary.ru/ptsruo
https://doi.org/10.5582/bst.2021.01061
https://doi.org/10.5582/bst.2021.01061
https://doi.org/10.1186/s12951-021-00806-7
https://doi.org/10.1186/s12951-021-00806-7
https://doi.org/10.1021/acsnano.3c10797
https://doi.org/10.1021/acsnano.3c10797
https://doi.org/10.1001/jama.2022.22759
https://doi.org/10.1001/jama.2022.22759
https://elibrary.ru/gkxfed

BOMPOCHI BUPYCOJIOTUU. 2025; 70(1)
https://doi.org/10.36233/0507-4088-278

OPUTUHAJbHbBIE NCCNEAOBAHUA

22. Banihashemi S.R., Es-Haghi A., Fallah Mehrabadi M.H., Nofeli M., rus-like vaccine demonstrates high safety profile and protective effi-
Mokarram A.R., Ranjbar A., et al. Safety and efficacy of combined cacy: preclinical study. Vaccines (Basel). 2022; 10(8): 1290. https://
intramuscular/intranasal RAZI-COV PARS vaccine candidate against doi.org/10.3390/vaccines10081290
SARS-CoV-2: A preclinical study in several animal models. Front. Im- 24. AnronoBa H.A., Epunsn K.1O. Cucremarnyeckuii 0630p smnupu-
munol. 2022; 13: 836745. https://doi.org/10.3389/fimmu.2022.836745 YEeCKUX HCCIeoBaHUN (paKTOPOB OTKa3a OT BakIMHAIMU. ['MrueHa

23. Vakhrusheva A.V., Kudriavtsev A.V., Kryuchkov N.A., Deev R.V., u canutapus. 2018; 97(7): 664-70. https://doi.org/10.18821/0016-
Frolova M.E., Blagodatskikh K.A., et al. SARS-CoV-2 subunit vi- 9900-2018-97-7-664-670 https://elibrary.ru/uxaexo

Information about the authors:

Yana Yu. Chernoryzh - PhD, Candidate of Medical Sciences, Researcher, laboratory of molecular diagnostics, N.F. Gamaleya National
Research Center of Epidemiology and Microbiology of the Ministry of Health of Russia, Moscow, Russia. E-mail: revengeful_w@mail.ru;
https://orcid.org/0000-0001-9848-8515

Valeria M. Kondratieva — graduate student, laboratory of molecular diagnostics, N.F. Gamaleya National Research Center of Epidemiology and
Microbiology of the Ministry of Health of Russia, Moscow, Russia. E-mail: 1999valeriak@mail.ru; https://orcid.org/0000-0001-9163-4516

Anastasia P. Malkova —head of the Laboratory of Biological Research Institute for Biomedical Research and Technology (IMBIIT), Krasnoznamensk,
Moscow region, Russia. E-mail: nastena0302@yandex.ru; https://orcid.org/0000-0002-2817-4817

Tatyana E. Savochkina — Researcher, Laboratory of Molecular Diagnostics, N.F. Gamaleya National Research Center of Epidemiology and
Microbiology of the Ministry of Health of Russia, Moscow, Russia. E-mail: tasavochkina@yandex.ru; https://orcid.org/0000-0003-4366-8476

Olesya V. Eliseeva — PhD, Senior Scientist, Laboratory of molecular diagnostics, N.F. Gamaleya National Research Center of Epidemiology and
Microbiology of the Ministry of Health of Russia, Moscow, Russia. E-mail: olesenka80@mail.ru; https://orcid.org/0000-0002-0723-9749

Oleg E. Latyshev — PhD, Senior Scientist, Laboratory of molecular diagnostics, N.F. Gamaleya National Research Center of Epidemiology and
Microbiology of the Ministry of Health of Russia, Moscow, Russia. E-mail: oleglat80@mail.ru; https://orcid.org/0000-0002-5757-3809

Dmitriy Yu. Yakunin — graduate student of laboratory of molecular diagnostics, N.F. Gamaleya National Research Center of Epidemiology and
Microbiology of the Ministry of Health of Russia, Moscow, Russia. E-mail: yd364@mail.ru; https://orcid.org/0009-0009-4531-5739

Olga N. Zaykova — PhD, Senior Scientist at the Laboratory of Molecular Diagnostics, N.F. Gamaleya National Research Center of Epidemiology
and Microbiology of the Ministry of Health of Russia, Moscow, Russia. E-mail: zaykova_o_n@mail.ru; https://orcid.org/0000-0003-4708-2069

Ekaterina S. Sludnyakova — Leading engineer for the implementation of scientific developments of N.F. Gamaleya National Research Center of
Epidemiology and Microbiology of the Ministry of Health of Russia, Moscow, Russia. E-mail: ekaterina.ses@mail.ru; https://orcid.org/0009-0000-
4925-5205

Tatyana V. Grebennikova — Doctor of Biological Sciences, Professor, Corresponding Member RAS, deputy Director for Science of the Division of
the Ivanovsky Virology Institute Head of the Control Center of N.F. Gamaleya National Research Center of Epidemiology and Microbiology of the
Ministry of Health of Russia, Moscow, Russia. E-mail: t_grebennikova@mail.ru; https://orcid.org/0000-0002-6141-9361

Contribution: Chernoryzh Ya.Yu. — performing the experiments, data analysis and interpretation, text preparation; Kondratieva V.M. — performing
the experiments, text preparation; Malkova A.P. — performing the experiments; Savochkina T.A. — text preparation; Eliseeva O.V. — concept and
design of research, data analysis and interpretation; Latyshev O.E. — performing the experiments; Yakunin D.Yu. — analysis and interpretation of
data; Zaykova O.N. — data analysis and interpretation; Sludnyakova E.S. — vaccine quality control; Grebennikova T.V. — the concept and design of
the study, analysis and interpretation of data, preparation of the text, approval of the final version of the article for publication.

Received 08 November 2024
Accepted 16 December 2024
Published online 28 December 2024

UHdopmauusa o6 aBTopax:

YepHopbik AHa lOpbeBHa — KaHA. Med. HayK, Hay4HbI COTPYAHUK nabopatopmmn MonekynspHon guarHoctukn ®IrbY «HaumnoHanbHbIn nccne-
[0BaTeNbCKMIN LEHTP 3NUAEMMUONIOrMN U MUKPOBMONOrMM MMeHN noYeTHoro akagemuka H.®. MNamanen» MuHsgpaea Poccun, Mocksa, Poccus.
E-mail: revengeful_w@mail.ru; https://orcid.org/0000-0001-9848-8515

KoHapaTtbeBa Banepus MuxainoBHa - acnupaHT naGopatopuu MonekynsipHou pauarHoctukn OrBY «HauuoHanbHbIi MccnenoBa-
TEMbCKUNA LEHTP 3MMAEMUONOrMM U MUKpOBMONorMM MmeHn noyeTHoro akagemuka H.®. Mamanen» MuHsgpaBa Poccun, Mocksa, Poccus.
E-mail: 1999valeriak@mail.ru; https://orcid.org/0000-0001-9163-4516

MankoBa AHacTacus lNaBnoBHa — 3aBefytoLlas nabopaTtopuei buonornyeckunx uccnegosanuin Muctutyta megunko-AHO «MHcTUTYT Megnko-6umo-
normyecknx nccnegosanui n texHonoruny (AHO «MMBUNT»), MockoBckas obn., KpacHo3HameHck, Poccus. E-mail: nastena0302@yandex.ru;
https://orcid.org/0000-0002-2817-4817

CaBoukuHa TatbsiHa EBreHbeBHa — MNaaLlwniA Hay4HbIN COTPYAHMK nabopaTopun MonekynsapHon anarHoctukm by «HaumoHanbHbIM uccne-
[0BaTeNbCKM LEHTP 3NUAeMuonorum u MMKpobrnonorum nMmeHn novyeTHoro akagemuka H.®. Namanen» Munsgpasa Poccum, Mocksa, Poccus.
E-mail: tasavochkina@yandex.ru; https://orcid.org/0000-0003-4366-8476

EnuceeBa Onecs BacunbeBHa — kaHA. 6uon. Hayk, CTapLUniA Hay4YHbIi COTPYAHWK nabopaTtopuu MonekynspHon auvarHoctukn ®IrbY «Haum-
OHarbHbIN UCCNEAOBATENBCKMN LEHTP 3NMAEMUONOrMM U MUKPOBUONOrMM UMeHn novetHoro akagemuka H.®. Mamanen» MunHsgpasa Poccuu,
Mocksa, Poccust. E-mail: olesenka80@mail.ru; https://orcid.org/0000-0002-0723-9749

Natbiwes Oner EBreHbeBnY — kaHA. 61on. HayK, CTapLUUi HayYHbIN COTPYAHMK NabopaTopun MonekynspHon anarHoctukm ®rbyY «HaumoHanb-
HbI UCCnenoBaTeNbCKUA LLEHTP SNAEMMONIOrN 1 MUKPOGUONOrnM MMeHn nodeTHoro akagemuka H.®. Mamanen» Munsgpasa Poccun, Mockea,
Poccus. E-mail: oleglat80@mail.ru; https://orcid.org/0000-0002-5757-3809

AxyHuH Omutpun FOpbeBuY — acnvpaHT nabopaTtopum MonekynsipHon amarHocTuku OrBY «HauuoHanbHbIN nccnegoBaTenbCkuii LeHTp anu-
AeMuonorum 1 Mukpobuonorum MMeHn noyeTHoro akagemuka H.®. MNamanen» Munsgpasa Poccun, Mocksa, Poccusa. E-mail: yd364@mail.ru;
https://orcid.org/0009-0009-4531-5739

45


https://doi.org/10.3389/fimmu.2022.836745
https://doi.org/10.3390/vaccines10081290
https://doi.org/10.3390/vaccines10081290
https://elibrary.ru/uxaexo
mailto:revengeful_w@mail.ru
mailto:tasavochkina@yandex.ru
mailto:olesenka80@mail.ru
https://orcid.org/0000-0002-0723-9749
mailto:oleglat80@mail.ru
https://orcid.org/0000-0002-5757-3809
mailto:zaykova_o_n@mail.ru
https://orcid.org/0000-0003-4708-2069
mailto:t_grebennikova@mail.ru
mailto:revengeful_w@mail.ru
https://orcid.org/0000-0001-9848-8515
https://orcid.org/0000-0001-9163-4516
mailto:nastena0302@yandex.ru
https://orcid.org/0000-0002-2817-4817
mailto:tasavochkina@yandex.ru
https://orcid.org/0000-0003-4366-8476
mailto:olesenka80@mail.ru
https://orcid.org/0000-0002-0723-9749
mailto:oleglat80@mail.ru
https://orcid.org/0000-0002-5757-3809
https://orcid.org/0009-0009-4531-5739

PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2025; 70(1)
https://doi.org/10.36233/0507-4088-278

ORIGINAL RESEARCHES

3ainkoBa Onbra HukonaeBHa — kaHz. 61on. HayK, CTapLUWA HayYHBbI COTPYAHUK NabopaTtopun MonekynsipHon anarHocTtmkm ®IrbY «HaunoHanb-
HbI UCCNeAoBaTENbCKUMA LIEHTP SNUAEMMONIOrMN 1 MUKPOOMONOrumn NMeHn novyeTHoro akagemuka H.®. Namanen» MuHsgpaea Poccun, Mockea,
Poccusa. E-mail: zaykova_o_n@mail.ru; https://orcid.org/0000-0003-4708-2069

CnypHsikoBa EkatepuHa CepreeBHa — BefyLLUMIN MHXEHEP MO BHEAPEHWIO HayyHbIX pa3paboTok ®IBY «HaumoHanbHbI uccneaoBaTenbCkuii
LEHTP 3NMAEMMNONOrMM N MMKpobronormm nMeHn nodeTHoro akagemuka H.®. Namanen» Munagpasa Poccun, Mocksa, Poccus. E-mail: ekaterina.
ses@mail.ru; https://orcid.org/0009-0000-4925-5205

F'pebeHHukoBa TatbsiHa BnagumupoBHa — a-p 6uon. Hayk, npodpeccop, un.-kopp. PAH, 3amecTtuTtens Avpektopa no Hay4Hown paborte noa-
pasgenenuns WHctutyTta Bupyconorum um. O.U. MBaHoBckoro, pykoBoauTenb McnbitatensHoro ueHTpa ®IBY «HaumoHanbHbIi nccnegosa-
TENbCKAN LEHTP 3NuAeMUonorum u Muvkpobuonorum umeHu noyeTHoro akagemuka H.®. Mamanew» MwuHsgpaBa Poccum, Mocksa, Poccus.
E-mail: t_grebennikova@mail.ru; https://orcid.org/0000-0002-6141-9361

YyacTtue aBTOpOB: YepHopbhx A.HO. — npoBeaeHne akcnepMMeHTOB, aHanMa 1 MHTeprnpeTaums AaHHbIX, NOAroToBKa TekcTa; KoHapatbesa B.M. —
npoBeaeHMe 3KCNEePUMEHTOB, NOAroToBka TekcTa; Mankosa A.lN. — npoBeaeHne akcnepumeHToB; CaBoykmHa T.E. — nogrotoBka Tekcta; Envcee-
Ba O.B. — koHUenuus 1 gnsanH nccnegoBaHWin, aHanua n MHTepnpeTaums gaHHbix; Nateiwes O.E. — npoBeaeHue akcnepmmeHToB; AkyHuH O.1O0. —
aHanus3 u nHTepnpertaums AaHHblx; 3arikoea O.H. — aHanu3 n uHTepnpeTaums aaHHbix; CnyaHsikosa E.C. — npoBegeHne KoHTpons kadyecTsa
npenaparta; NpebeHHnkoBa T.B. — kOHLENuMs 1 An3anH ccrnefoBaHusi, aHanu3 n MHTepnpeTaunsi 4aHHbIX, NOArOTOBKa TeKCTa, 0A06peHne OKOH-
YaTenbHOro BapuaHTa ctatby Ans nyénukaumu.

Moctynuna 08.11.2024
MpuHaTa B nevats 16.12.2024
Ony6nukoBaHa oHnaiH 28.12.2024

46


mailto:zaykova_o_n@mail.ru
https://orcid.org/0000-0003-4708-2069
https://e.mail.ru/compose?To=ekaterina.ses@mail.ru
https://e.mail.ru/compose?To=ekaterina.ses@mail.ru
https://orcid.org/0009-0000-4925-5205
mailto:t_grebennikova@mail.ru

	_Hlk126077895
	_Hlk151560220
	_Hlk183091564
	_Hlk183092535
	_Hlk152590450
	_Hlk158885414

